;N _e3el 91 6<X| 6T 5& -1 20 April 2004 Fast nodified discrete cosine transform

met_p-od Fi emmwm“‘mlmm"mr/entl on 5 This invention is applicable in the field
of multi-c coders which use a nodified discrete cosine
tiansform as a.gi@p in the conpression of audio signals. BackRgapdnebo# the

I nvention 10 Recent years have w tnessed an unprecedented advancenent in
audi o codi ng technol ogy. This has |ed to high conpression ratios while
keepi ng audi bl e degradation in the conpnessed signal to a m ninmum These
coders are intended for a variety of applications, including 5.1 channel
filmsoundtracks, HDTV) |aser discs and nultimedia. Description of a
conpr essi on net hod usebtadtnmedicf edotfiescse tarobend auaes fiopmtiendd SC St andar d,
"Digital Audio Corrtpression (AG) 1~ Srandard", Docunment Al152, 20
Decenber; 1995. In the basic approach, at the encoder the tinme domain
signal is Sﬁﬁiiﬁﬂgglhﬂﬁﬁgﬁranes’ each frame conprising of a nunber of
bl ocks. The Tinme domarn sirgnal in each block is fast converted to the
frequency domai n using a bank of filters. The frequency domain

30 thus, generated) are next converted to floating point

coefficients). :

represent at f%‘ﬁ INVRRUQR B APPHGRPIsointhe ¢ ofmulé-ghnnebedio cpears wihichrepnesatified
as a manti : C ssed bhitstream
transmtt Q@“ﬁ%@@é%ﬁgﬁgt&%}%éﬁﬁse".’égéi%b‘oﬁm% %{%Iélatfﬁant i ssas. The

coders are expected to operate in real tinme. Therefore it is inportant that
t he pr ocessjé nga?S at :botE t he encoders and decoders be highly optim sed.
TheATSC st thod for conversion of the inverse cosine

transformto Fast Fourier Transformto obtain remarkabl e speed gain.
Frequency transformati on presents one of the greatest conputation

r equi r emkhtRecerr yaans 180 witaessddanmnpodedente@hdvakenen: A audb fcb@ih% fchnology. This

i mpl enentation of this phase can decrease .the 20 April 2004

conput at i odF ge& 3? P&?ecﬁfn%ﬁm? REAUSS g&‘@ﬁﬁ%’lp&ﬂ bl dagradaian fratke cempiessedt mignal
oper ati on ab agfiglaeh. Fhese 3sderyardlitdidaatbe PRES B ddotiYaidnd® SONE,§1cP4Er S
such as the AC-3) the frequency donmain transtE}rer%ﬁp%atgpg's'?%%ﬁnggils&annel
per for med By s9B0etReks.i BRTY beeredises qod muitimediansDescriptibn bf DEIhpressionieail ¥

i mpl emrent e i N, itions gnd multiplicacions.
However i tq'll'sesCI %gsgy gl eeE 0 rbrgg‘é%ne%‘f‘ﬁ%g ﬁggﬁé}ﬂﬂgﬁm}‘ e&ﬁg‘%d’“ﬁﬁe@a{'ﬁﬁ’ gywn (AC-3)

si gni fi cEhtdgndatd §rodumeabAs2 Q0 DeRéMbsr, 1995 MDCT equation into a formthat
is anenable to the use of the well known Fast 10 Fourier Transform (FFT)
met hod of J.~V. Cooley and J. W Tukey (1960). To conpute the MDCT of a
sequence ofinhhd 8ak SachC L Qpal, Use a system conprising of a
pr e- processi ng bl occg.p)}grarf‘i\l-gegﬂé?%é o %mﬁﬂgé:{&)%ﬁﬂg B 1sfe§‘%§ﬂ@qgm§s?4‘f5

bl ock. 1~ Iframe cempuisingef aofumbres dfrblesisi The tind dombiarsisedus @adt8Block is first
conputatio A3 to eval uate. t he . -.r.l Summary of the Invention ?0
I n accor da%g é‘%\(f}\»&#1 ﬁgﬁlﬁz eﬁpelqﬁ?fgﬁtéfﬁxﬁm ‘FH‘@% OIS JBRF BEdRSRFORPRALD eagficients. ng
a modi fi B0l isSguneeds el fae: Gnaetsddab Mo ink oAl ALK REALIENG | ex
data using a Fast _Fourjier Transform (FF'I:), %e?%igndt%t@' I gﬁaﬁRﬁgsfn int.
FFT. 2~ Pr &PeR 5‘5?‘:(}?1_@’8%@ TRIDESENied asfa minsissoand an-exponentx The buld of thé coapfeastd*
(tai + 1) giest Fopt, * + 1. )/4) k =0...(NN2 - 1 } where r[n]
represents Tﬁé%g&gs %ﬂgg%on&htg dabﬁ%c{eﬁl%f’@p?ﬁ)é ‘h%ff’rﬁﬁwwsoeé’ﬁam%‘éﬁiﬂses in the
sequence. 30 20 April 2004

The coders are expected to operate in real time. Therefore it is important that the processing
25 at both the encoders and decoders be highly optimised. The ATSC standard oudines a method

for conversion of the inverse cosine transform to Fast Fourier Transform to obtain remarkable

speed gain.

Frequency transformation presents one of the greatast computation requirements in any

30 transform coder. Therefore, an efficient implementation of this phase can decrease the

T
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-3 Preferably, a transform coefficient sequence of the VIDCT is derived
using the NNZ - Pvint FFT of a conplex function (~[nJ, where z(n] _ (x(2n]
-~ Ix[2n + 1 ])et H, 0 < n<_(lYl'"" - 1) Preferably, a transform Zk and
the conpl ex conjugate of the transform Z~"= x.~ are derived bo@mrirdogs for
the expression dZt~ 11 Y& =; [Z2t + Z~ k ~y+ ~ -| CZt _ Z:~~ ~ s where
Gk is a transformcoefficient sequence which allows the MOCT to be
evaluated, irz that @ =g tr +JSrl = (x(nJef'~rr) * ~"..~tiH which can
be used co solve the MDCT when rewitten as xt = cos ~k) 112(e~' ~+vrv@ -~"
a ~c,E+tiavNG~) - sin ~r(k) |I12j(e~t+~rzuNGk - a ~t+trzvnrG-)
T=cosy*(gkrcos(~(k+ 1i2)/| ~-g, ~;sin(~t(k+ 1!'2)/1 15 T -sin Y*(g~,sin(n(k +
112)/ M+ gCOfI}P}‘é’éEﬁO{‘k“gﬂe?‘l‘Dé)%l‘q QS‘E&S‘&‘BE?@%}H%‘F “B%%é?“,‘ H5taPERUBR Of preoder
Drawi ngs 20Q Jhbgy hivemld fetsivRicpor e ful ly described, by way of non-limting
exanple only, wth reference to the drawings, in which: Figure 1 is a
representation of a an audi o i nput sequence; Figure ? is a diagrammtic
repr esent 3ti on of ag encoder;, a Ei g}ure 3 iIIHstrat es eval uation _of the

i nput sequBriCEe FIFPETA SEERAT IS et~ sBYE. TSRi6PSY FeBRBeURISIIABAN G signals is
Preferred pﬁﬁeﬁﬂemmemim&;ﬂdkré@ c@ﬂn@?&t@hﬁo&?@ﬁb@gmdi%ﬁv%:rx%?e['rﬁ:ﬂﬁhofhe

digitised sanples of a tine domain analog signaE. For a nufti - channeE
encoder t RED&Tr equicss @6Yis rddisonsfand muedriplacatiets.sanpl es for each 30 channel .

The input streamis sectioned into blocks, each block containing N

consecutive _ . 20 April 20Q4 sanples of each charnel eaee Fig. 1 j.
Thus wi t hiffbwaevel ReKpdskible 1o reduod e Rt @fx@?ﬂf&@@ipef‘a@bfﬁ SAgBAEURIDGLone is able
~ 1[G, .r[lIl,x[2~,. r[1V 1J}. The tine donmai n sanpl es ace next converted

to the Fréeeenresy BoMRGT GataHen &0 Ak drsis pmenshie iodhk ugesefahevgll knywn Fasthe
frequen ' e e fLor _ C i cient sec which
can be %(gﬁgﬁﬁ 2@%%@%5???2@@0&%?\?H@El%%%géljn\geﬂgg @?é al is real only
the first ~V/2 frequency conponents are considered. Here Xa is the | owest '
frequency (DC) conponent while XN, , is the highest frequency conponent of
the si gnallo ampyizits MOk a5aseareacsehtlirat! dpe foaYIRsiond TastARHshus¢ AsxSierof
the i nf or BL,PRidebtahEe SBhcelsing B108E an NeoSinr BT bid 9 gguce
t he ori gi rr‘lggtnlpging\"og Qﬁ Sﬁa(fccastmﬁ Ehejéae%no r mthkaF %110%? ﬁ%?%%ﬁ%f%%ﬁg&tﬁé?&%é@ ron.
The coeffibtacknt set is normally converted into floating point format) where
each COf_f.fi cient 15 is represented by an exponent and mantissa . The
exponen 2 set is usually transmtted in its original form However) the

mant i ssa i is 4t1B8REest the idvehliEth RiréAkdBE ehedbiRacRln [EEHP RhafaRSthe ThE
val ue of nunber of bits for coding a mantissa is usually obtained froma bu
al | ocati oMBCJor i t hm whi ch for advanced ?0 psychoacoustic coders may be
based on the nmasking property of the human auditory system

Summary of the Invention
20.

In accordance with the invention, there is provided a method of evaluating a modified discrete

cosine transform (MDCT) of an input sequence of complex data using a Fast Fourier
Transform (FFT), wherein the FFT is a N/2 - Point FFT.

25 Preferably, the MDCT is of the form:

ai-l
Xe= I x{n]®cosQu=(2n+1)* (2k+ VAN +T=(2k+1)/4) k=0..(N2-1)

where x[n] represents the input sequence and N is the number of data samples in the

sequence.



A I ow nunber of bits results in higher conpression ratio because | ess space
is required to transmt the coefficients. However this causes very high
quanti zation error |eading to audible distortion. .A good distribution of
avail abl'e bits to each mantissa Forns the core of the nost adoapeiep0o4
encoders. 25 In sone encoders such as the AC 3, the frequency domain
transformati on of signals is perforned by the (WDCT) nodified discrete
cosine transform (Eq. 1). K-, ~_~ .Yk= L}.

cc(rr]~cos(' -t~(zZnrl)-(?k-1)/-1TN-,. (2k+t)/:~) k=0...(N,2-1y Eq.| n =J 20
Apr|I 2004 If directly i.tnpl emented in the formgi ven above) the NIDCT
requires Q( pkr d Li Y& 0SS

reduce the ﬁ%n%-gl?{q hr‘ﬂr‘“‘g{qﬁﬁfﬁggeﬁgg‘%ﬁqgﬁ% s°?§t?ﬁ*‘r’| cant] &e \?Cdo%g‘pﬁ i.ﬁﬂ P§mt‘o
eval uat e EqFFT ofsicogiptaxefuneddn kimpwwhérast Fourier Tr ansform met hod of J. V.

Cool ey and J. W Tukey 960 The gener l= Di screte Fourier Transform (DFT)
is given bel ow (Eq. 2f%" I’t("){-efdd'/f’@"'d ) B&E &X' Zadl ti ons and

nul t1 pl | cat paRsabiput sk &A&%E%éﬁa plERUbh sal! %?J eagfgﬁﬁ Yoe 28 JEld "

Eq. 2 can be conputed with 4(Vl og. ~u per ati ons Nt

"7 Fk= ~ §xftom zi=d f})r kheexpression Eq. ~0 10 Here j is the synmbol for

i magi nary nunber, i.e.j=f-1. At hough it .,,ma, not be ] medi ately apparent
how Eq. 1 can be transfod';ged.t +E4, 2] Q;ul <analysis shows that this
i s indeed pOSSI ble. To sinpl3 fy EG L def'“‘l’i two functions cc(n,k)

=Z n(3n + )(2k al)l4N 15 and ~f (k) —r(’> k + 1 )/.~ Then, using these
functl ons. “F_ftffe Pkdan rprsiorawedefficient asquedeervhiciallowdkheMDRT N bé e esu(edn if thh2n
+ 1 * (2k + 1 )f4N +rt * (2k + 1 )/4) ~~r-t atn.x) xk~ - ~ x(nJ *
cos(ct(n.k) +~(k)) ~v- ~ cos Salk) - sin a(n, k)sin
~y(k)) Etp 3 E'g. 4 k=0 (‘Nl%‘mjf“Eq ;5(%51“}""% 80 A)gm 2004 -6 Ln Eq.6
the trigononetric equallty eos(ath)=cos a cos b-sinczsinb is used for

si gl | f ccat' YRR canube Wied 1o selye dierd® G hhenresticem ask) is onl y dependent on
variable n, it can be brought outside the summati on expression to give .

= cos A/ (k) XE=casiE) /2(EE 1 BG), +k9 f"**‘éi”fcj(k}m@(k) 1/1,(e><{minvﬁc€!.@-ﬁémw§ Eq,

75'~~0"' The two
ai(eﬁar E; el_y( FLOJ"?YJ%BE%S&(Ag?rs)ﬁ)ar{»’d-lsﬂ(ﬁ(ka?ifz%%{ j sin 8 , w& know that cos

(e~ ~"-~~ - a ~"~~)12j
Therefpye we can rewite the tenms T, and T~ as mN-l1 10 T' ~~ x[n] *
(era +a ~a)/l~ =1/2{~ ~ ~ x[n] * eJaf~s ~ x[n] * atea} Eq. 8 rt~ n-4 -l
Ft=N-[ T~ = “SiM{eursip@ib+- 1228 icos(k@{ 2BV~ x[n] * e a - ~ xEgl1g a
tea} Eq. 9 Ry
cripti wing

20 The invention is more fully described, by way of non-limiting example only, with reference
o the drawings, in which:
Figure 1 is a representation of a an audio input sequence;
Figure 2 is a diagrammatic representation of an encoder; and

Figure 3 illustrates evaluation of the input sequence, into a coefficient set.

[RS]
(W)

Detailed Descrintion of a Preferred Fmbodiment

The input to an audio coder comprises a stream of digitised samples of a time domain analog
signal. For a multi-channe! encoder the stream consists of interieaved samples for each

30 channel. The input stream is sectioned into blocks, each block containing N consecutive



At A= 15 W evaluate the termA,. FromEg. 8 and Eq. 9 note that ~~v-e ~

x[n] * eJa ~~ x-w_i ~ X[n] * ejt~~(:n+t)t~ t+tviN- efiltttl vN* ~
i(x[n] * eewly) * ej,mklA. i0 20 If we define a conplex variable xr[n]
=xX[n] * rer~N Eg. 11 then the Egq. 10 is sinply A ~ _ pct+~rz20¥Wprik2004x~ [ n]
* ~Z,~~,v fi . 19 G The conplex term &k=gx.~ T~gk.;, where gx,~ and ~~,t

s ?fit (set of real nunbers) in Egq. 12 is essentially the sane as F~ in Eq.
? . Therefore the FFT approach can be %ged to evaluate G-. 30 This brings
down the conputation fromQ V= co (:~Z6é:~ . W can now. simlarly,

eval uat e 20 April 2004 e the second termA in Eq 8 and Eq. 9. rrsN A
~ ~ xtn~ * ~"IN) * a lz~rN Eq,

13", ¢; 5 F@H‘%‘ei Rbgecrgbane! ‘éi‘:ftﬁksr ?{%' Thve %%Pé&océdhf agawl%for@cm@homs
obt ai ned eaglsp By (0} x(Fx(2That, [ : : k, ~ and

k; a 31 aS défﬂ\egd egr}l f[ef E [)(SI {heq?a(a/réoﬁ#ﬁgrae or 6‘9%}3‘&8 %n%tedﬁ ‘Bges
not need t ofrequaumay édma@alsmoaamcknalesnulmt;r badniskf Fig. 2)can be reused. That is
only one FFT needs to be conputed for the eval uation of T~ Usi ng Eq. 8 to

13 we obtain 10 Tl - | h(e~" aF+l a¥YNG-+e fi (k+t~yNG&) E . Next, we
anal yse t BeTheqléncy *dodaid cEerfiéibs,* this & ' J
| ~j (ei ~t +t ayNGfgq a ;~t kft r;c/ )x [S. 135 ’Elﬂ?{g & f&H% coefn]cjxe]%k T(Sl ca{“cg gs‘ 1?

Eq. 7,14 andeg@xqﬂeamemfzo X253 (Sm;eymk)mgrla:k 16 Bﬂﬁ+&dl2\ﬂ'ﬂ€iﬁm 63//” frequency

fi~"~t~Z?1 NGk n~ ef " ~k+ a fitr+i r

—Icosy *(g, ~r%°5f£p(°ﬁf'§‘liarley°%fgl?ere€ S (nt Slégu %%SF “fqr“elngi' @CXQWP%‘FH( WRHE Xy, is
L1 2)1 | ~+gki @esigiictiictechinyl domineat 6 the sigrdd ADTi| 2004 _g_ The term
Gk=ax.rj'Joe.~ may be conputed in O(N ogl ~) operation by using FT

al eorichnms. The additi onal operatl on outlined in Eq 1 b to extract the

final Xk,ks Yy, r AV; nowbe conmputed in
Q. VI oe t1 0 A&% caﬁ?ég)%gogr%sg Vreg isetiérail?bthf?& giuhn toﬁetgm?”?%“qq ik 83ted
in Fig. 3. cm?qx,nt Km;T xsliwcmarhmb Tegrdute e EEEax%hln&ﬁngQ‘?odEP%tme decoder with

computational |y intensive part is the FFT) we shall focus on it In or der to

decr ease cdﬁﬁS’HPé‘t%‘-‘SW%@’éWmQﬂther The values of G~ _~ ~ Cx(n]le' "% ~e' ~
~required in Eq. 16 may be obtained through an NZ-Point F>~T. 10 It is
wel I known that an N-Point FFT of a sequence of N real data can be easily

obt ai ned byThisdqag"xcaedWsa-iPmbm:ﬂlEl%'Bnm'teyi infor fo4tiAe otdd €odntar, Twhdre REGCEQMARGL DY 2

pre-processing and foll owed by a processi ng which formats the inputs
so t hat fﬁe‘sff%ﬁﬁcn gg’ﬁl"t“qxgmﬁéiﬂéﬁﬁﬁ?tﬁéﬂy identical in both cases. In our

present case) the ingut to the FFT block is a sequence of N conpl ex data.
To evaluate 1 ~ the FFT of N arbitrary corrpl ex nunbers, an N-Point FFT is
definitely Fegafposgnc se¢Ns Rodably transmitted in its original form. However, the mantissa is

truncated o a fixed or variable number of decimal places. The value of number of bits for

) coding a mantissa is usually obtained from a bir allocarion algorit}zm which for advanced
20 psvchoacoﬁstic coders may be based on the masking property of the human auditory system.

A low number of bits results in higher compression ratio because less space is required to

transmit the coefﬁcxents However this causes very high quantization error leading o audible

distortion. A good distribution of available bits 1o each mantissa forms the core of the most

advanced encoders.

In some encoders such as the AC-3, the frequency domain transformation of signals is

performed by the (MDCT) modified discrete cosine transform (Eq. D).

LEDL AL

Xk= : x{n]*cos(2 R T(In 1) =2k ~1)/4N =T «(24 e=1)4) k=0.(N/2-1) Eq.}.
LED]



FFT) M< Nw Il not do. In the present case however, the input sequence is
not.conpletely an arbitrary conpl ex sequence but is of the formx[n]e' N,

wher e x[n] isreal. & = ~t ~~x(n] * ~ ~ ~~~~ Let us define z[n] _ (X[2n]
+jx[Zn "+ | ~])e~~; 0 <_n <_ (N2 -1). Then, taking a N Z-Pvi B0 ABRl 2000 of
z(n], NI?-1 ,r Zk = ~ ~z(n]le" ~~ 0<_k 5 N2 -1 Nn-i Therefore, Z=~_t =
~ Cz(n]e ~~e ~~' . Taking the conpl ex conjugate of Z=_x_, gives us Z~ k-t
=Nt ~z' (nlej ~ e~"~ ~ Al so, note that with sonme si rrpllflcatlons we
obtain z(n] + z'Cnle' A~ - ~[?nl~~"" ~d”z(n] - z' (n]e' =N = 2x[Zn] eJ*~ ~ .
we now have all the essential derivatlons for us to obtai n Gk from 2zZx. 30
'2([355 +§H t~ Wcltlzdzq'[plafzienté[dn&t the éorrréawFré above N',x%gk? T rv\gtfxﬁef (8(\1 ) agdtfa\gns ang
NIV~ ~ _n(ul;x@hca@@%nlt NN-~m.u jazkn ,yl -t z-,, Nl2-t b", .zs~, Z~ CZt
- Z=-k-1 ~ _~~~~LzEnjei N ~ _ ~r,, Lz-[nJei , ~0 ~N~ ~~ 10 "~ ~au.i~ Nn
t =z~ Z [ ~- CC‘[n] ,.~[nler"rs er "' i'~=rn N'. | a~~ xaau - Z~ ~ ~

CZj x[2rc t I o o r .ye~ N Now
it is str aIHtIle@ /a};r)ﬂtx ] égﬂeie%g egd %(th? Pumﬁ%’tdt re umg opera[u%s_l_ﬁamtltinnttpfy} one l&zgo
x-1 20 Ng- toevaluateIEqV\nJudth_dhe&leuLkncﬁzﬁ“FasmF@r@r @Xix%fbh'n thetrodMNE' ] W, ‘Co‘c’j@?[a%& +
| ]Je~ N~el ~ T ol ~CX * ~N ~~~~ = Gk Accordi ngl use of an NI'?

Poi nt FFT A -ohwker !y b'EhEd&quéEtscm Epurias Lransfomm } Fegiven txmw'(éin Dhe
I )
corpl | sl b AR A SR ORI, M o

nodif i ed dTsosferm merhod ehet DEN$A B2 ¢MDET fomputad wmmu@\«tsgzmepe@u@tﬁs @myml ex
data usi ng_.a_Fast Fourier Transform (FFT), wherein the FFT is a N 2 -
Poi nt FFT.E%22 A merhod as claimed in cl ai m 1) wherein the MDCT is of the

form i .Yt= ~ x[nj * cas(2~ r2n+ 1) * (2k+ 1)14N#n * (2. E+ 1)/ 4)
...(Nt2- 1) ,p,0 10 where T resent s the input sequence and |s
t he nunber of data sanpl es -t (’gé lﬁenceg J.' At hod as cl ai nmed |Eﬁl €l aim

2, wherein a transform coefficient sequence of the NiDCT is derived using
the N2 - Point FFT of a conplex function (z[n], where

10 Here ; is the symbol for imaginary number, i.e j=v-1.

| Although it may not be immediately apparent how Eq. 1 can be transformed to Eq. 2, a
careful analysis shows that this is indeed possible. To simplify Eq. 1, let us define two

functions

a(n.k) =2R(2n +1)(2k +1)/4N Eq.3

13 and

- YT(k)=n(2k+1)/4 Eq. 4

Then, using these functions, Eq. 1 can be rewritten as

azN-1
X = ;Z.O x{n] = cos(gn *(2n+1)*Rk+ l)/41\{ +T* 2k + 1)/%) k=0..(N2=-1)
a(nr.k) k)
naN=1
- = Eo x(n] * cos(a(n.k) + y(k)) Eq.5
n=N—-|
= EO x[n] * (cos a(n, k)cos Y(k) — sin a(n, k)siny(k)) Eq. 6



15 z[n] = (Xt~] ~" jx[2n + 1 ])e~~, 05 n5 (N2- 1) 4. Anethod as
claimed in claim3) wherein a transform Zk and the conpl ex conjugate of the
transform ZNn-x. 1 are derived fromZ[n] for the expression ~al71+l) i 20 &
ZCZE+Z~"t''f.' ~ ~ ~Zk Z~ "x_t where Gk is a transform coeff RoiAprt 2@RQquence
which allows the MDCT to be evaluated) in that Gx = g~ +J8~ _ ~ (xtn)e'~™")
* d~H whi ch can be used to solve the MDCT when rewiaen as 25 .~Ct = cos
~k) 1l12(e~x+~avH& + a ;~.tt+~nvNGk) -6sin Y(k) Il12j(e~t+vH&E _ a

i ~~+~r~yNG ) r rl r~ =cosy*(g~,cos(~(k+ 112)/ N -g,~sin(r (k+ 112)IN TI
-siny~(g~~sin(n(k+ 112)/N)+gt;cos(rt(k+ 1/Z2)Irl~ r~ . A& Sy. As3. A&l . Aa. A

. A3. AH . A InfEq.Athd BYZmMYic equality, cos(g+b) =cos a cos b-sinasind is used for simplification.
~ytoj e [ V] ca] ca] ca] ca] ca(lqca_] ca] ca] ca] c<a] ca] cad] cal ca] ca] ca] ca] caJ ca] ca] caV]
caV] ca] ca] %‘é}@‘ﬁ’})éea]%%ec a]'enfrien] €&) srenly dependengprevariable 7. it can be brought

i yt nhb] X~yt 0j.e. - chgl caU ca

U]yc’\a] I:a] Z%%lg%}hg]a%@a#%gqeggﬁ%sgﬁg] %g% ca]U]ca\/] ca] caV] ca] ca] ca] ca] ca] cha] c”a]
calcai (* g|!'w3GyZytoje [Vj e ca] ca] ca] ca] ca] ca] cgl.,ci*a] ca] ca] ca] ca] ca] c”a]
caV] ca] ca] c”a] ca] ¢ &S c 3] chflcadosalfl. éhlcahotka] CaldaM siaan k)  Eq 7
RoHdHW vy { vgl e* [ UV] ca] ca] ca- o ,

WV] ca] ca] ca] ca] ca] ca] ca] caU] ca] ca] c¢&] ca] ca] ca] ca] caV] ca] ca] ca] ca] ca] ca] ca]c

~aJca] ca] ca]I%a] cal ca!

Y\ d Il
1/ 151 > LI pIFRgityofeqns, I, g Ez_svhlr?/%x-f [cempewajecend wedd sépacadlg aFrag Eajeealdeatigal
ca] ca] ca] c&@]’c‘éﬁs@a‘-‘)\i‘}f&a] c &t caUksew ca] ¢ ca] cadrpak)caydsng eavienj/ga  ang
" H 3 @] HHRH AR P BEENES S TR&B org e ahhza o YT teemb IV ]sa ', Gal caV] ca) ¢
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If we define a complex variable
/
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then the Eq. 10 is simply
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The complex term G, =g, ,+/g,,, Where g, and g, € R (set of real numbers) in Eq. 12 is
essentially the same as F, in Eq. 2. Therefore the FFT approach can be used to evaluate G,

30 This brings down the computation from O/M 10 O(Mog.V) . We can now, similarly, evaluate
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Next, we analyse the term Ts.
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Finally after simplifications of Eq. 7,14 and 15 we obtain
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the MDCT can now be computed in O(Nog,/V) time. The operations required to obtain the
MDCT is illustrated in Fig. 3.

N-Point MDCT Using N/2-Point FFT

Since the most computationally intensive part is the FFT, we shall focus on it in order to
-1
decrease computation even further. The values of G = [(x{n]e-’ ) N ] required in Eq.

nd)
16 may be obtained through an N/2-Point FFT.

It is well known that an N-Point FFT of a sequence of N real data can be easily obtained by
using a N/2-Point FFT only, provided the FFT is preceded by a pre-processing and followed

by a post-processing which formats the inputs so that the final result is mathematically
identical in both cases.

In our present case, the input to the FFT block is a sequence of N complex data. To evaluate
the FFT of N arbitrary complex numbers, an N-Point FFT is definitely required. A M-Point
FFT, M <N will not do. In the present case howcver the input sequence is not completely an
arbitrary complex sequence but is of the form x[n]e’ ¥ , where x[n] is real.
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Let us define z{r] = (x[2n] +jx[2n + 1~])e"%3" ; 0£n<(N/2-1). Then, taking a N/2-Point FFT

of z[n],
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Therefore, Z%_H Z [z[n]e e ¢ m] Taking the complex conjugate of Zw_k_, gives us
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Zz_k_ = [z'[n]e’ ~1 e’ﬁ]. Also, note that with some simplifications we obtain

z{nl+z [n}efi'n" =2x[2n)e V and zln] -z [n]e!’F = 2x{2n]eF. We now have all the
essential derivations for us to obuain G, from Z;.
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Now it is straight forward to get G from Z..
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Accordingly, use of an N/2 - Point FFT allows Gk to be derived. which inturn allows the

30 MDCT of the complex input signal to be evaluated. with reduced computational requirements.
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} X = Eo x{n] * cos(2m * (2n+ 1) * (2k + 1)/4N+1t *(2k+1Y4) k=0..(N2-1)

10 where x[n] represents the input sequence and N is the number of data samples in the

. sequence.

3. A method as claimed in claim 2, wherein a transform coefficient sequence of the

MDCT is derived using the N/2 - Point FFT of a complex function (z{n], where

5 z[n] = (x[2n] +jx[2n+1])ei%. O<sns(NR2-1)
4. A method as claimed in claim 3, wherein a transform Zk and the complex comjugate
of the transform Zy,,.,, are derived from Z([n] for the expression
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where Gk is a ransform coefficient sequence which allows the MDCT to be evaluated, in that
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which can be used to solve the MDCT when rewritten as
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